Osteoarthritis (OA) is a degenerative joint disease caused by gradual loss of cartilage. Telmisartan is an angiotensin II receptor antagonist, and act as a partial agonist on the nuclear peroxisome proliferatoractivated receptor-gamma (PPAR-γ), that has been reported to exert anti-inflammatory effects.
Evaluation of the Anti-Inflammatory Effect of Telmisartan As an Adjuvant Therapy to NSAID in The Management of Knee Osteoarthritis; A Clinical Prospective Study
Introduction steoarthritis (OA) is a degradative joint disease occurs due to gradual loss of cartilage and resulting in bony spurs and cysts formation at joint edges (1) . It is a pathological result of several disorders, which cause functional impairment of synovial joints (2) . Primary OA is related to aging, while secondary OA tends to show up earlier in life, often due to a specific cause such as an injury, diabetes, or obesity (3) . The major risk factor for OA are family history (4) , obesity, older age, female gender, previous knee injury and the presence of hand OA/Heberden's nodes (5) . Clinical features of OA include pain, stiffness (6) , Iraqi JMS 2018; Vol. 16 (1) crepitus, restricted joint motion, joint deformity, joint tenderness, effusion and muscle atrophy (7) . The diagnosis of OA is usually based on clinical and radiological features (8) . A typical plain X-ray of OA may elucidate one or more of the following features; (1) Joint space narrowing, (2) Subchondral sclerosis,
Peripheral osteophytes, (4) Subchondral cysts (9) . Normal adult articular cartilage is made up of extracellular matrix (water, collagen, proteoglycans and calcium salt) and chondrocytes (10) . Inability of chondrocytes to provide homeostasis between degradation of extracellular matrix ingredients and synthesis lead to OA (11) . A severe subchondral bone modifying lead to sclerosis of the tissue noticeable radiographically. These changes are often coexisted with subchondral cysts formation due to resorption (12) . Synovitis is believed to be induced at first by the cartilage matrix proteolytic degradation products (13) . Synoviocytes can produce inflammatory cytokines; proinflammatory cytokines such as interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha (TNF-α), these cytokines are considered to interpose the degeneration related to OA (14) . Non-pharmacological management of OA includes exercise (15) , weight reduction (16) , balneotherapy (17) , knee braces (18) , self-management (19) , transcutaneous electrical nerve stimulation (TENS) (20) , acupuncture (21) and nutraceuticals (22) . Pharmacological treatment of OA includes acetaminophen (23) , oral non-steroidal antiinflammatory drugs (NSAIDs) (24) , topical NSAIDs (23) , intraarticular (IA) injections of corticosteroids (25) , IA injection of hyaluronic acid (23) , opioid analgesics (26) , and diseasemodifying osteoarthritis drugs (DMOADs) (27) . Surgical procedures are generally accepted in patients who are not obtaining adequate pain relief with a combination of pharmacological and non-pharmacological treatments (28) . The discovery that several factors such as cytokines or prostaglandins can raise the levels of matrix metalloproteinases (MMPs) by chondrocytes led to an inflammatory concept. OA is a complicated disease with inflammatory mediators liberated by the cartilage, bone and synovium (29, 30) . These inflammatory mediators represent potential targets for therapeutic interventions designed to reduce both symptoms and structural joint damage in OA (31) . Cyclooxygenase-2 (COX-2) is a major Prostaglandin E2 (PGE2) synthetic enzyme and implicated in the pathogenesis of inflammation and pain in OA (32) . Cyclooxygenase-2 is upregulated in inflamed joint, its accountable for increased level of PGE2 in OA joint. PGE2 is implicated in inflammation, apoptosis, angiogenesis, and potentially morphological alteration in arthritis (33) . Over expression of COX-2 is mostly stimulated by proinflammatory mediators such as IL-1β, TNF-α, and IL-6 (interleukin-6) stimulation (34) . Proinflammatory cytokines are thought to have an essential role in OA pathophysiology, in particular IL-1β and TNF-α (35) . TNF-α operate the inflammatory cascade, while IL-1β is significant for cartilage destruction (36) . Telmisartan a highly selective AT1 receptor (Angiotensin II receptor, type 1) antagonist, it is a partial agonist on peroxisome proliferatoractivated receptor-gamma (PPAR-γ), which improved to have anti-oxidative and antiinflammatory actions. PPAR-γ partial agonist activity improves metabolic and inflammatory cascade (37) . Peroxisome proliferator-activated receptors (PPARs) are present in three types: PPAR-α, PPAR-β/δ, and PPAR-γ (38) , they produce anti-inflammatory actions by preventing pro-inflammatory cytokines induction, adhesion molecules and extracellular matrix proteins production, or by enhancing the induction of anti-inflammatory particles. In addition, PPARs control the proliferation, differentiation and survival of immune cells as macrophages, B cells and T cells (39) . Several lines proposed that the PPARγ activation in OA may be therapeutically interested, PPARγ is functionally active in chondrocytes, and its activation modify the expression of several genes demonstrated to be important in OA pathogenesis. PPARγ activation inhibits production of nitric oxide synthase, matrix metaloproteinase-13 (MMP-13), COX-2, and microsomal prostaglandin E synthase-1 (mPGES-1) in chondrocytes by inhibiting IL-1 induction (40, 41) . In addition, activation of PPARγ inhibits proteoglycan degeneration which caused by IL-1 induction (42) . PPARγ activation in synovial fibroblasts inhibits IL-1, TNF-α and matrix metaloproteinase-1 (MMP-1) expression (43) . The effect of PPARγ activators has been demonstrated in many animal models of OA as guinea-pig (44) . Treatment of human OA chondrocytes with PPARγ agonist decreased nitric oxide, PGE2, inducible nitric oxide synthase (iNOS) and COX-2 expression (45) . The induction of NO production by interleukin-17 (IL-17) and TNF-α was also inhibited upon PPARγ activation (45) . Decreased expression of PPARγ in OA cartilage may resulted in increased production of inflammatory and catabolic genes, enhancing cartilage degradation. Diminished PPARγ expression in OA cartilage supporting PPARγ role in OA, and increase the possibility that upregulation of PPARγ may be beneficial in OA treatment (46) . Clockaerts et al concluded that PPAR-α activation results in anti-inflammatory effects in human OA cartilage (47) . Telmisartan decreased formaldehyde-induced chronic inflammation in rats in a dose-dependent pattern (48) . This study was designed to evaluate the potential anti-inflammatory effect of telmisartan in patients with knee OA.
Methods
This is a prospective randomized controlled open-label interventional study to evaluate the anti-inflammatory effect of telmisartan in the treatment of patients with painful knee OA. The study was conducted during the period from September 2015 to May 2016 and carried out on 42 randomly selected Iraqi patients newly diagnosed with knee OA; at the outpatient clinic at Baghdad Teaching Hospital. All patients have symptomatic and radiologic evidence of OA in one or both knee joints.
Ethical approval was obtained from Ethics Committee by Pharmacy College/ University of AL-Mustansyriah, and Baghdad Teaching Hospital. All subjects gave written informed consent to participate in the study. Patients were diagnosed based on clinical and radiological features depending on Kellgren-Lawrence (KL) classification system (49) . Certain exclusion criteria were followed to avoid interference with the study design, include: patients with hypertension, ischemic heart diseases, asthma or diabetes mellitus; patients who are on treatment with drugs, which interfere with the tested drugs, patients with peptic ulcer, patients with end-stage radiological events of joint destruction, patients with positive history of allergic reactions to any one of the known tested drugs, and pregnant or lactating patients. The selected patients were allocated into two main groups as following: group (1): includes 22 patients with knee OA treated with naproxen tablets (500 mg/12 hr), telmisartan (Micardis® tablets 40 mg/day) and omeprazole (20 mg/day) for three months, while group (2): includes 20 patients with knee OA treated with naproxen tablets (500 mg/12hr) and omeprazole (20 mg/day) for three months. Omeprazole 20mg used in this study as a primary prophylaxis against NSAID-associated ulcer disease or dyspeptic symptoms. Ten milliliters of venous blood were drawn from fasting patients, at baseline and after three months of treatment to follow up the changes in IL-1β, high-sensitivity C-reactive protein (hs-CRP), TNF-α and erythrocyte sedimentation rate (ESR). Blood samples were allowed to clot, then separated by centrifuge at speed of 3000 rpm for 10 minutes and stored at (-40 °C) until the time of examination for IL-1β, TNF-α and hs-CRP, unless worked immediately for the evaluation of ESR. Serum level of IL-1β, TNF-α and hs-CRP were determined using commercial enzyme-linked immunosorbent assay (ELISA) kit (Elabscience Biotechnology, China), while ESR was measured using Westergren method (50) .
Statistical analysis
The statistical analysis system-Minitab 16.1 (2010) was used. Data were expressed as (mean ± standard error "SE"). Chi-square test was utilized to detect significant differences among demographic variables, while paired ttest was used to compare between pre-and post-treatment results in same group, independent t-test used to compare pre-or post-treatment between group 1 and group 2. P value (<0.05) considered significant difference, P value (<0.01) considered highly significant difference.
Results
The demographic and baseline disease characteristics were evenly distributed for both groups as summarized in table 1. After adjustment of baseline mean of patients' demographic and disease characteristics. There was no significant statistical difference (P>0.05) between both groups in respect to age, gender, X-ray finding, BMI, waist circumference and joint deformity finding (table 1). 
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Figure 3: Effects of treatment with naproxen alone, and combination of naproxen+ telmisartan on serum level of tumor necrosis factor-alpha (TNF-α) in osteoarthritic patients
Figure 4: Effects of treatment with naproxen alone, and combination of naproxen+ telmisartan on erythrocyte sedimentation rate (ESR) in osteoarthritic patients
Discussion
Osteoarthritis is the leading cause of inability worldwide (51) . Although telmisartan was developed to treat hypertension by blocking angiotensin II (type 1) receptor, the finding that telmisartan can activate PPARγ has prospectively remarkable therapeutic modulations for treatment of other clinical diseases that might be responsive to PPARγ activators (52) . The ability of telmisartan to reduce the intensity of pain and inflammation that contributed to the pathophysiology of arthritis, with no serious adverse effects, has been reported in some animal model studies (53) . This may be considered a new therapeutic approach added to the current NSAIDs treatment for inflammation patients with knee OA. Up to the best knowledge, there is no clinical study reported for Iraqi population to explore the role of telmisartan in OA. Thus, the present study was undertaken to clinically evaluate whether or not telmisartan can reduce the intensity of inflammation in knee OA patients. As mentioned earlier, the pro-inflammatory cytokines TNF-α and IL-1β, are among the critical mediators modulated in the pathophysiology of OA. These mediators regulate articular cartilage matrix degeneration, which makes them as major targets for treatment strategies. Although animal studies provide support for this approach, just a few studies have sought the effects of inhibiting these cytokines in OA (29) .
In the present study, significant decrease of mean IL-1β level in group 1 patients was found after three months, meanwhile group 2 showed no significant decrease of this antiinflammatory cytokine, which can be explained by the potential role of telmisartan in reduce concentrations of the pro-inflammatory cytokine IL-1β in group 1, with the fact that naproxen therapy failed to control IL-1β level in group 2. Animal study on rats with periodontitis showed that telmisartan reduces the inflammatory response. Treatment with telmisartan reduced levels of IL-1β, COX-2, MMP-2, MMP-9 and TNF-α (54) . Animal study on brains of neonatal Wistar rats was aimed to illustrate the role of angiotensin system in the modulation of glial functions and Alzheimer's disease pathology. Telmisartan highly reduced the production of TNF-α and IL1-β (by approximately 50% and 30%, respectively) which already induced by lipopolysaccharide (LPS) (55) . Animal study on ulcerative colitis in rats tested the anti-inflammatory effect of telmisartan. Telmisartan at 5 mg/kg exerts beneficial effects, these effects may be due to accelerated termination of acute inflammatory phase, due to decreasing TNF-α level (56) . As mentioned previously, telmisartan decreased formaldehyde-induced chronic inflammation in rats in a dose-dependent pattern (48) . The doseresponse relationship of the anti-inflammatory activity of telmisartan was found to be relatively linear within the dose ranges utilized in the study, with best linearity between 0.6 and 3 mg/kg (48) . The present study found that TNF-α decreased in both study groups (1 and 2) after three months treatment, but not significant. Higher doses might be required to explore the effect clearly. Recent study search for the effect of telmisartan on the proinflammatory mediators secreted from adipocytes. Telmisartan was dissolved in a vehicle, the study showed that higher dose of telmisartan (1 µg/ml) on adipocytes culture decreased the levels of TNF-α, while lower dose of telmisartan (0.1 µg/ml) had nonsignificant effects on TNF-α levels (57) . Regarding hs-CRP in the present study, group 1 show a higher significant decrease in mean results of serum level of hs-CRP than group 2, suggesting the potential role of telmisartan. A study on Wistar rats was performed to research the effect of spironolactone, telmisartan, and their combination on isoproterenol-induced cardiac hypertrophy. The study concludes that chronic treatment with spironolactone, telmisartan, and their combination result in a significant decrease in the elevated levels of creatine kinase (CK) and CRP (58) . A recent study aimed to investigate the effects of telmisartan on inflammation and fibrosis after myocardial infarction in rats, the study showed that levels of CRP, TNFα, IL-6 and IL-1β were decreased markedly in telmisartan group (59) . The present study found that ESR decreased in both study groups (1 and 2) after three months treatment, but not significant. Longer duration of treatment and/or higher doses might be required to explore the effect clearly. Another study was aimed to estimate the potential effects of telmisartan in hypertensive HIVpositive patients with microalbuminuria. Males receiving stable combined antiretroviral therapy and 80 mg/day telmisartan for 6 months. A significant decrease in ESR, which may be correlated to the protective effect of telmisartan (60) . The present study has few limitations including small sample size with different disease severity, which required to verify the findings, short duration of patient follow up, as longer period may be required to explore a good result. The current study concluded that: (1) Telmisartan when co-administered with naproxen, produced significant reduction in serum levels of IL-1β, highly significant reduction in serum levels of hs-CRP, compared to that of using naproxen alone. (2) Telmisartan when co-administered with naproxen produced non-significant reduction in TNF-α and ESR levels. The present study have few limitation including small sample size with disease severity of different stages, which required to verify the findings, short duration of patient follow up. In addition, inattention blood pressure measurement to explore the hypotensive effect of telmisartan in normotensive patients. In the current study, many promising preventive strategies emerged from the available results since telmisartan relatively reduce the inflammatory burden in OA patients, suggesting that telmisartan plays effective role to be a good candidate as an adjuvant therapy. Further investigations for all drugs in angiotensin receptor blocker group for their pleiotropic effect must be undertaken so that new indications of these drugs can come to light. 
